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Sub J j History of Invention aad Development of the Hark II &CU. 

1. The Hark II XCM ia la the direct line of evolution of the Reborn Cipher 
Machines and Hark I ECH, and incorporates cryptographic principles and 
mechanical features found in these machines. Its development covered a period 
of twenty years (1921-1940, lnel.) and was sponsored and financed by the Mavy 
Department. Our records show development costs as follows} 



Machine 


e 

e 


Tears t 


Total Cost 


Hsbern Cipher Machines 


f 

t 


x 

1921-1932 (incl.) i 


9 57,360.00 


Washington Mavy Yard Models 


1 

1 


1930-1940 (incl.) i 


24,000.00 


Mark I ECM (Teletype Corp. ) 


t 


1934 » 


50,000.00 


Mark II ECM (Teletype Corp.) 


t 

t 


1937-1940 (incl.) « 
} 


122,000.00 




< 


1921-1940 (incl.) i 





This represents a development cost of slightly over 925 per machine, on the 
basis of the I0,o6o Mark II SGUs now built and on order, or authorised. 



2. The present status of the Mark II 5CM is as follows} 



Status 


: 


Mary Machines 


Army Machines 


Total Machines 


Delivered to date 


i 

i 


3,370 


1,180 


4,550 


Due on order 


l 

s 


3,380 


642 


4,022 


Contracts being negotiated 


I 

t : 


— 


1,488 


1,488 


TOTAL 


1 


ia?y>. . ■ I 


3«ao 


10 . 060 " 



The Army obtained its first 322 SCHs by requisitions on the Savy Department. 
Subsequent Army machines ware procured directly from the Teletype Corporation 

on independent contracts, in compliance with BuShips 2nd Endorsement, Serial 
1471, of 8 September 1941. 
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3. The Mark II ECU (CSP 8 . 88 - 889 } was made effective as the Navy's primary 
cryptographic system, as follows: 



Atlantic Waters 
Joint Army-Navy 
Asiatic Waters 
Pacific Waters 
World Wide 



— • July 1, 1941 

— August 1, 1941 

— November 20, 1941 

— January 10, 1942 

— January 10, 1942 




The CCM (modified ECU (CSP 1600 and 1700) became effective between the U.S. and 
Canadian Navies on October 1, 1943. It will become effective between the U.S. 
and British Navies about December 1, 1943, and for Combined (U.S. -British; Army- 
Navy-Air Force) use about July 1, 1944- 

4. Secret patent applications for the Mark II ECU, being prepared by the 
Office of the Judge Advocate General, include the following items: 



(a) Invented by Lieut. Comdr. Donald W. Seiler while serving at the 

Washington Navy Yard . 

Tl) "Index Maze . " 

( 2 ) Circuits (and resistances) for 115-volt DC, 115-volt AC, or 
24-volt DC (battery) operation - at option . 

(3) Einergency Hand Drive Gear. 

(4) Automatic Word Spacer, wherein "Z" is substituted for "space" 
and "X" for "Z" upon encipherment; and "space" prints as "space" 
and "Z" as "X" on decipherment. 

(5) "Zeroizer Switch." 

(b) Invented by Captain Lauranae F. Safford, Navy Department . 

(1) "Stepping Circuits" with the grouping of end contacts in the 
"Stepping Maze" and in "Index Maze," the utilization of 30 

out of 32 possible stepping combinations in the "Alphabet Maze," 
and any variations thereof. 

(2) Three-way "Plain-Encipher-Decipher" Gang Switch. 

(3) Code-wheel Setting Circuits (involving the "Zeroizer Switch"). 

(4) "Zeroizing Circuits" (involving the "Zeroizer Switch"). 

(c) Invented by the Teletype Corporation . 

(1) Printer. 

(2) Triggering Action of printer magnets and stepping magnets. 

(3) Circuits for "parallel operation." 

(4) Automatic Group Spacer. 

One essential feature ( electric control by means of the "Stepping Maze "') is 
covered by Secret Patent Application #7041^7 afeted March 23, 1934, xn’the name 
of W. F. Friedman and F. B. Rowlett, with complete assignment to the Secretary 
of War on April 2, 1936. Many of the details of the Mark II ECM were taken over 
bodily from the Mark I and are covered by Secret Patent Application #206040, 
dated 4 May 1933, or by various patents held by the Teletype Corporation. Other 
details were copied from the Hebern Cipher Machine. 
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The Question of Security 

5. The question of security is of immediate importance because of loos# 
talk that baa been circulated In the Navy Department with consequent lessening 
of confidence In our priaary cryptographic system. Tha concept of a "machine 
solution'' has not been accompanied by tha Invention of tha "machine." A study 
of tha cryptographic feature* of the Uark II ECU expose* the fallacy of this 
thinking. 



6. It nay b« taken for granted that the "high-grade'’ cipher* of any saajor 
power w ill offer tremendous resistance to cryptanalyti o nl attack; also that 
a certain aiaount of misuse and occasional capture oust be anticipated. 
"High-grade" ay* tea* fall into four categories , in ascending order of security, 
as follows: 

I. Cipher* capable of purely analytical solution without prior 
knowledge of the system and without possession of any of the 
physical elements. Subsequent solutions become progressively 
fester as "technique" is developed until current message# can 
be read with little delay. We know these ciphers by our o« 
solutions. We also know that the methods of solution would 
be totally ineffectual against the Hark II ECU or CCH. 

II. Ciphers whose key* are capable of analytical solution, under 
the condition that the same key is used for two messages and 
the general system is known. The U.S. Navy "One-Tliee-Pad" and 
the "Teletype Scrambler" (C SP 1515) fall in this category. 

They afford abeolute security provided duplication of key can 
be avoided. The Mark H ECU and CCM do not have this weakness . 

III. Cipher* whose keys can be solved and message# read, if given 
full knowledge of the system, possession of the physical 
el — n t* (but not the keys), and an adequate number of inter- 
cepted messages. (Replacement of the rasrprooised elements 
would, of Bourse, completely block subsequent solutions.) We 
have an example in a systwa whose solution has been described 
as "the life blood of our war effort." The COi offers far 
greater security untier thee# conditions than the above system: 
solution of dally keys would be a matter of weeks rather than 
hours, and might well prove impoeeible. The Mark II Ed! will 
withstand attack under these conditions . 

IV. Ciphers which cannot be solved, regardleeo of compromise of 

physical elmeente, bo long as the daily keys are not captured. 

The Hark II ECU is the only current system for which this can 
be guaranteed. The Hark I KCM approximated this security in 
theory but other considerations made its "practical security" 
lees than that of the CGW . 
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7. The security of the Mark II ECU depend* on the following feature* , in 
combination) 

(a.) Sufficient number of code wheel* in the maze to generate an astronom- 
ical number of "alphabets" and "starting point*." The five-wheel maze 
of the ECU and CO> givee 11,881,376 alphabet* for each arrangement of 
cod# wheel*. A three-wheel maze, by contrast, give* only 17,576. 

(b) Dse of 10 revere ible code wheel* in a eet instead of a leaser number 
of non-revereible wheel*. This give* 967,680 possible wheel order*, 
a* compared with 120 for a rival system, making "trial-and-error" 
solution* impracticable if not impossible. The CCM also has 10 
reversible cod# wheels per set. 

(o) Use of erratic stepping of code wheels instead of "meter" or "modified 
meter" action to fully exploit the potentlalltiee of the Hebern "Maze," 
block a known method of analytical solution, and prevent "short -cut" 
solutions with captured code wheels. 

(d) Stepping of the alphabet maze controlled by an independent source. 

This feature is reatricted to the Mark II ECU, the obsolete Mark I E CM, 
and an experimental Signal Corps Cipher Machine, 

(e) Use of a multiplicity of stepping actions ( 5 , 855 ), dependent solely 
on the key , instead of only one as in other machines. This feature 
put* the Mark II ECU in a olsss by itself. The only competitor is the 
experimental Signal Corps machine with 120 stepping actions. 

(f) Ssplicatioa of code-wheel sets — both "effective" and "reserve" — with 
prompt change of code wheel* in case of known compromise, and periodic 
change - Just to play safe. This is an added factor of safety that 
should dispell any lingering doubt# as to the absolute security of our 
ECU ciphers. 

8. With regard to the claims advanced for the alleged necessity of a plug- 
board, the following evidence is offered in rebuttal i 

(a) Plug-boards were given due consideration and discarded for reasons of 
security and reliability before the first pilot model had reached the 
blue-print state. The same effect was obtained in other ways. 

(b) Plug-boards have not prevented the Initial solutions of six different 
cipher machines on whiah used and have given eo little delay to 
subsequent solutions that the information was "red hot." Misplaced 
confidence in the plug-board beguiled the inventor# into stopping 
short of really effective cryptographic measures. 

(o) The increased labor of solution is partially offset by the inconven- 
ience to the users. 

(d) Errors in plugging hare led to direct compromise of the ksy, to a ay 
nothing of the effect on reliability of communications . 

The disadvantage* of the plug-board greatly outweigh its advantage# and absence 
of a plug-board is a point of superiority for the Mark II SCM. 
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Hgbjtrn Cipher Machines 

9. On 2 January 1923, a. Board consisting of Commander (now Admiral) 11, E. 

Lag er soil, Commander (now Vice Admiral) Russell Mill son, and Lieut. Coheir. 

(now Hear Admiral) W. S. Smith set to investigate and report on the adoption 
of the Hebern Cipiier Machine by the U.3. Havy. The Board examined aevoral 
Models, including a 5 -code-wheel nonprinting machine and a one-v.heel machine 
electrically coupled to a standard typewriter. The Board reported: 

"Mr. Hebern, the inventor of the machine, has been in touch 
with the officers of the Code and Signal Section for two years 
or more, has received encouragement from the Code and Signal 
Section that hi a saciiine night ultimately be of sous use to 
the Havy, and also has received suggestions and assistance from 
the Navy Department that node it poaaible for him to develop 
his machine from one of very doubtful aeourity to its present 
state of practical security*" 

10. The Board reconmended that the Hebern Machine be not purenased unless 
further improvement* were made. The Board also recommended that no steps be 
taken towards coupling the cipher machine with the teletype until a satis- 
factory machine had been developed. The recommendations of the Board wore 
approved by the Secretary of the Navy on 18 January 1923, and the Bureau of 
engineering was directed "to make an agreement, or contract, with the Hebern 
Electric Cod* Company, Inc., of Oakland, California, to develop two electric 
printing cipher machines to fulfull Navy requirement* , " The sum of $50,000.00 
was set up in the Bureau of Engineering 1925 Budget for the purchase of 
electric cipher aachina 8, provided the pilot models proved satisfactory. 

11. The "suggestions and assistance froa the Navy Department" referred to 
above largely came froa Mrs. Driscoll (then Uise Agnes Meyer; who was serving 
as technical assistant to the Officsr-in-Charge of the Coda and Signal Section. 

12. The precept (dated 2 October 1922), report of the Board (dated 15 January 
1923), and approval by Sec Nav (0P-20-G ltr. 9023-297 :1, dated 18 January 1923) 
are tile oldest official documents on hand. We also iiave pamphlets issued by 
the "H te li Patent Development Co." in 1920 and 1921, showing the early one- 
wheel Hebern machine, and by the "Hebern Electric Code, inc.," in 1925, showing 
a three-wheel machine similar to one of the printer models developed under 

the 192A contract. Mr. Hebern had been engaged in inventing cipher machines 
since 1912. U.S. Patent £1,141,055, dated 15 May 1915, covers a mechanical 
cipher machine of his invention. The first electric cipher machine built by 
Mr. Hebern (a one-wheel printer) is now in the "Museum" at the Communication 
Annex - a gift froa Mr. Hebern. 
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13. The subsequent history of ths develop© «nt of the dec trio Cipher i'achins 
in its "Habero" tt«g« is given in tha following tabulation 2 



» Contract 



3 Aug. 


1 

2 /41155 


1 

1 


2 


2 t 

{Double Tope : 


1 

1 Mr, Hebern submitted two or 


1924 


t 


t 




{printer. : 


{three different model* under 




I 


1 




{Power i 


:this contract but none were 




t 


1 




(operated. : 


2 satisfactory. Contract 




t 


1 




t : 


t cancelled on 3 Nareh 1927 




2 


t 




: t 


(because of nonfulfillment. 



Humber of 
Machines 



J&P* . 



Total 



Remarks 



July 2 Mo 
1924 t reoord 
1 

t 



Double 

typewriter. 

Hand 

operated. 

(CSP 604) 



9 3,320 



Machine* tee tea January - 
April 1929 by Havy Dept . , 
CIKCUS , CCStBATFL?, und C,CU 12. 



3 apt 1 *13798 

1929 1 



Single 
typawritar. 
Hand • 
operated. 

(CSP 530 



9 3,240 



Pilot models tested from 
January - June 1930 by 11 
and Navy Dept. 



,P* 



$4^,500 



7 June 
1930 



917775 



31 



Single 
typewriter. 
Hand 

operated. 
(Identical, 
with those 
on Contract 
#13798.) 
(CSP 534) 



Service tested in U.S. Fleet 
Problem XIII (1932) and com- 
pletely "sold" the idea of 
electric cipher machines to 
the fleet. These m:ichines 
were reoalled for "3*od«m Na- 
tion" In 1936, -and rooainod 
in service until 1942. Thes» 
machines handled all the 
Important messages between 
the Nary Dept, and f.’oyal , 

inclusive . 



72543T 



TZTxo 



CpNar Conf Ltr. "(S0 Ja6-3(7) 

dated 23 IT arch 1933 advised 
BuEngi ’’The subject machine 
has been subjeoted to 
thorough test and is rot con- 
sidered suitable for service 
use.” tip. Hebern was notified 
by 3uEng that the Navy had no 
further interest in his 



1 .Fab. 

1932 



single 

typewriter. 

Poster 

operated. 



Oct. 

1939 



Ko 

record 



"Oosmerolal 
aodel". 
Converted to 
CSP 534 
after 
delivery. 



41,500 



Purchased to supplement the 
’ 30 Hebern machines still in 
service. This was our last 
transaction with Nr. Hebern. 
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14. The chief difficulties with the Hebern Cipher Machine were due to 
mechanical deficiencies, particularly in the printer and in toe power drive. 

The cryptographic feature* were capable of improvement, but it was decided 
in 1924 that the Navy would give Mr. Hebem no more suggestions which he 
could incorporate in machine* offered for eale to foreign governments. It 
wae planned to accept the cryptographic features "as is” and modify the 
machine* after delivery to give greater inherent security. Plane for a 
modified meter action, very similar to what ia used today in certain foreign 
cipher machines, were prepared by myself in 1924 but never used, due to non- 
acceptance of Hebem* a earlier machines. 

15. Hebem haa never received adequate recompense for hie part in the 
development of the Electric Cipher Machine. is ■ the original inventor. 

He brought his machine to the attention of the Xavy Department, built numerous 
models, and by hi* perseverance developed it to the point where it almost became 
a practical machine. Hebem organised three or four different companies, , 
which went bankrupt in turn. He lived in poverty, and during much of this 
period was supported by his wife who ran a boarding house, ntoern was put in 
Jail by irate stockholders and would have been much better off personally if 
he had not invented the ECU or had not had any dealings with the Navy Depart- 
ment. However, Hebem ha* no legal claim on the Government because in the 
opinion* rendered in J.A.G. Conf. Itr C-S& 7/68(0-25-^9 ) of Sept. 1932s- 

•Hebern haa contributed substantial improvements in the 
ciphering art and while his claims are limited and are believed 
not to be infringed, yet there are several points of fact and 
law that may be urged. Taking the decisions of the courts as 
a guide, however, it is believed that any decision on the patents 
involved herein (Hebem gl, 510,441, 1*1,083,072, and *<1,861,857) 
would be in favor of the Government. * 

Washington Navy Yard Model* 

16. The following is quoted from OpKav Serial 310502 dated 2 May 1931 ! 

“4 It is not the function of a division of the Office of Naval 

Operation* to develop nechanical devices, and the Code and Signal Section 
has neither the personnel nor the equipment to prosecute the development of 
this ciphering device beyond its present point. The Bureau of Engineering 
will be called upon In the future, as in the past, to provide the funds for 
the development work and the procurement of the atachlnee. It is therefore 
desired that the ikireau of Engineering take over now from the Code and Signal 
Section all phases of the work of developing and procuring mechanical ciphering 
devices. This work is of a highly specialised nature, and it is not expected 
that it can be satisfactorily performed except by an officer who is thoroughly 
familiar with the subject of cryptanalysis." 

"6. In order to provide for the proper and pregreasive development of 
oechanical devices for the phases of communications cited above; namely, 
secret ciphering and recognition systems; the Chief of Naval Opera tione request* 
that the Chief of the bureau of Engineering take over the cognisance of the 
mechanical development work cited above." 
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17* In 1932, under the directive quoted in paragraph 8 above, the Bureau of 
Engineering (Radio Division) undertook the development of its own electric 
cipher machine. This resulted in the so-called Anderson-Seiler Machine, which 
was the prototype of the Mark I ECU. Instead of cutting cam contours in the 
periphery of the code wheels as in the "modified" HCM and CCM, Mr. Seiler 
devised a system of control wheels with sliding pins equally spaced around the 
rim. This same mechanism was independently developed in Sweden and used in 
the “H&gelin Cryptographer. " Mr. Seiler also devised a system of control 
transfer through Bowden wires eo that any pin wheel could control any code 
wheel. The cryptographic feature* were approved by the Code and Signal Section 
and the new machine started on this basis. The printer was a standard 
typewriter, c tripped of nonessential parte, built into the machine, and operated 
by solenoids placed under the keyboard. The final model was bulky, rather 
heavy, and very unreliable in operation. It was felt that this machine had 
promise but would require redesign by experienced engineers to improve its 
operation and adapt it to standard manufacturing processes. In 1933, the 
Teletype Corporation indicated its willingness to undertake the development of 
the Anderson-Seiler Machine, and the third phase of ECU development was begun. 

17, The Washington Navy Yard had previously constructed two pilot models of a 
contemplated HCM Adapter (CSP 535), designed by myself, and tested then in 1930 
on the two Hebem Cipher Machines (CSP 534) purchased in 1929. When the HCMs 
were overhauled and "modernised" in 1937 and 1938, an improved stepping action of 
Navy design was installed by the Washington Navy Yard. This stepping action was 
designed by Mr. Seiler and myself , Jointly, and represented an Improvement and 
simplification of CSP 535. These modernised HCMs were reissued as CSP 903 and 
used until 1942. It is unfortunate that this line of development was departed 
from in the Anderooiwieller model, os it set the Navy back about four year*. 

19 . Early in 1938, plana were made for conversion of the Mark I ECM to 
cryptographic equivalence with the Mark II by replacing the "Internal Mechanism - 
Mark I" (CSP 692) with "Internal Mechanism - Mark II" (CSP 961) and a minimum 
of other changes, nith a prospective procurement program of 100 machines a 
year, the 137 Mark I machines in service loomed very large. One model of CSP 961 
was made by the Washington Navy Yard and one Mark I SCU was converted before the 
second pilot model of the Mark II ECM had been delivered. Eventually the Mark I 
KCMs were converted to Mark 111 HCMs (CSP 1127) instead, but the experience and 
confidence gained in designing CSP 961 paid big dividends a few years later when 
Ur. Seiler Tby that time Lieut. Corodr. U.S.N.H. ) was called upon to work out a 
method whereby the American ECM and Eritiah Type "X" Machine could be converted 
to a common cryptographic basis. This resulted in the following machines of his 
deeigm- 

ECM Adapter - CSP 16C0 - 3500 being built at Washington ECM Repair Shop 

CCM - CSP 1700 - 631 ECM* converted by Washington ECM Repair Shop 

"X" Adapter - CSP 1800 - Pilot model built by Washington ECM' Repair Shop 

4500 Adapters being made by Teletype Corp. 

The stepping of the "modernised" HCM (CSP 903) was incorporated in the above 
machines. This same stepping action was originally contemplated for the Mark II 
ECU but it was not adopted because the electric control gave promise of quicker 
development and greater reliability, as well os higher security. 
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2Q. The Chisf of Naval Operations approved the Anderaon-A eiler model on 
28 oept saber 1933, and requested that "the Bureau of SSaginesring proceed with 
thia project aa rapidly aa possible." On 8 February 1934, Confidential 
Contract HO# 34703/71601 waa negotiated, calling for delivery of six pilot 
models within a period of six months - total eoet t 50 , 000 . 

21. The urgency of equipping the fleet with a cipher machine at the earliest 
practical ties waa felt so strongly that, after a very brief test of one 
pilot aodel, the Chief of Ravel Operations, on 10 August 1934, requested the 
Bureau of Engineering to procure a Minimal of 94 Hark I ECKs for initial 
distribution and further advised, "It la the present plan of thia office to 
eventually equip every combatant ship with thia device." "ixoduction'’ 
machine# and associated equipment were purchased as follows: 



- Contract Kq. 
SO# 40349/76601 
80s 4325B/7X750 
»0e 49993/77601-2 
UOa 52271/7X750 
BOs 50918/ 



JMs. 



Artlcle 



2? Jan. 1935 iMark I ECH 
17 July 1935 iMark I SCM 
5 Aug. 1936 (Code 'heels (Mark I) 

4 Jan. 1937 1 Bowden Replacement Units: 
7 Oct. 1936 1 Diehl Uotor Generators 1 
(1937) tG.E. Uotor Generators > 
(1938) t Mark I SO ? 1 



No. 



'\aount 



j 90 j$21 8,528.00 

1 101: 218,664.58 
1 2,000: 22,900.53 
196: 10,486.00 

1D2: 6,579.00 

85: 5,440.00 Eat. 

2: 5. CXX). 00 Eat . 



TOTAL 



$ 687 . 600.00 3s t . 



Initial distribution to ships of the U.fl. Fleet was made in April, 1936. 

The Bark I ECU (CUP 691) waa Made effective in Bay, 1936, as a fleet system 
and remained in effeot until January, 1942, when it wee superseded by the 
Mark II ECU. The Uark I Machines were then recalled. Modified to operate on 
the seme cryptographic principle as the "modified" HCSt (and GCU), and 
reissued aa CSP 1127 (the eo— called "Mark in HCM"). GSP 112? waa given a 
special distribution to Naval Attaches, Intelligence Activities, outlying 
Naval Basse, and certain State Department officials, and is still effective at 
this date. 



Z2. The Mark I ECU gave trouble fro« the start and was in service five years 
before all the "bugs" had been worked out of it. Two new designs of patch- 
cord, one new design of plugs, and one new design of receptacles had to be 
substituted for the originals. The stepping action gave trouble, particularly 
when the Machines got older. The chief objection to the Uark 7 ECU waa in its 
bulk, its unnecessary complexity and difficulty of mlntenancs, and its lack 
of resistance to corrosion. Many of these defects would have been overcome 
had the pilot models been service tested before going into production. 

However, every defect which showed up in the Mark I ECU was eliminated in the 
Mark II, while all the good features of the Mark I were carried over to the 
newer device, so that we profited by our experience. Ye had enough Uark I 
ECUs to meet the needs of our peace-time Navy and we dereloiwrd experience and 
confidence in cipher machines. 
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The Contribution of the Signal Corps 

23. Mr. William P. Friedman, Principal Cryptanalyst of the Signal Intelligence 
Service, and interested officers at Signal Corps Headquarters were familiar 
with the various models of the HCM, but not with the prospective changes which 
the Navy had concealed from Hebem. In fact, on Mr. Friedman's recommendation, 
the Signal Corps purchased two of Hebem 's early 5-wheel nonprinting models 
late in 1923. At the request of the Navy Department, Friedman undertook a 
cryptanalytic teslf of the HCM in the spring of 1924, being furnished a set of 
10 test cryptograms prepared by the Code and Signal Section. Friedman was 
successful, and developed cryptanalytic techniques whereby, under certain 
conditions of meter action, solution could be achieved even without possession 
of the code wheels. Again at the request of the Navy Department, in April 1932 
Pre&dmiln undertook a second test on the much improved. 1930 model of the HCM. 

This time he was furnished the machine, a description of the general system 
employed in setting up the message indicators, and a series of test messages. 
Again he was successful, with the aid of three or four of his assistants. As 
the test messages were enciphered with Hebern's stepping action and not with 
the irregular code-wheel stepping produced by the HCM Adapter (CSP 535), the 
solution did not worry us particularly. These solutions were very important, 
in thpee ways, namely: - 

I. They showed the weaknesses of the meter action of the 1923 HCM 
and of 6 of the 30 optional stepping actions of the 1930 KCM. 

II. The 1924 solution was the basis of further analysis by the Navy 
which disclosed stepping actions that would block analytical 
solutions or short-cut solutions based on possession of the 
code wheels. Friedman arrived at similar conclusions, independ- 
ently. Otherwise, we would have had to abandon the Electric 
Cipher Machine a3 being deficient in inherent security. 

III. In recent years, the principles and techniques of these solutions 
were instrumental in the solution of certain systems which are 
atill using a modified meter action . 

24. The first solution (that of 1924) was written up by Friedman in a secret, 
typewritten, technical paper completed early in 1924, which was not printed, 
however, until 1934, under the title "Analysis of a Mechanico-Electrical 
Cryptograph — Part I." The second solution (that of 1932) was also written up 
by him in a second secret paper completed in 1933 but not printed until 1935 , 
under the title "Analysis of a Mechanico-Electrical Cryptograph — Part II." 

Both papers were very carefully safeguarded at all times and were employed only 
in the SIS for the advanced training of a very limited number of students. The 
documents were given no dissemination except that the Navy Department was 
furnished copies. But, because it was not consulted with regard to the advis- 
ability of printing these papers, combined with a serious mistrust of the 
Government Printing Office, the Navy Department entertained some apprehensions 
as to security and this led to an order from the D.N.C. that the Signal Corps 
was not to be shown the Mark I ECU or to learn any of its details. This order, 
which was not revoked until January 1940, was responsible for later misunder- 
standings. Certain Signal Corps representatives, including Friedman and 

Mr. Frank B. Hewlett, had been shown the pilot model of the Mark I ECU sometime 
in the winter of 1934-35, before the order was issued, so they were not entirely 
ignorant of what the Navy was doing along these lines. 
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25. Fro* 1924 to 1932 the Signal Corp» appeared loore interested in the 
Teletype Scrambler than in the H£3J as a practical cipher machine which would 
meet Arny requirement*. Siowever, under date of 25 July 1933, the Chief Signal 
Officer filed on behalf of Friedman a patent application (Serial No. 682,096) 
covering a cryptographic ays tats and machine in which the stepping of the code 
wheels was very irregular and under the control of a keying tape. Electric 
control thus made its first appearance 1 Friedaan made a complete assignment 
ofliia invention to’~thVT7ar~ De part* ant and one or two preliminary models were 
built in 1935-36. These were successful and an order was placed with a 
relatively small and inadequately equipped manufacturer for a few machines, 
which were designated as Converter M-134A. It took a comparatively long time 
to build these few machines but by 193& some of them were delivered and placed 
in service for communication between the flar Department and the Commanding 
Generals of Overseas Departments. Later, additional ones were delivered and 
placed in service for intercooaauniaation among the tar Department and Corps 
Areas and between the da r Department and the U.£>. Military Attache in London. 
The first model of this machine was shown to me by the Signal Corps sometime 
in 1937. This machine indicated the reliability of olectrio oontrol but the 
undesirability of the particular method (perforated tape) used in the Signal 
Corps machine. 

26. Shortly before 15 June 1935, during the interval when preliminary models 
of the foregoing machine were being built. Hr. Frank B. Rowlett, principal 
assistant to Friedman, conceived the idea which constitutes the basis of the 
"stepping mass" in the present KCM, His ooncept was based upon the principle 
of eending an electrical impulse through the circuits of a code-wheel maze to 
generate a long, irregular sequence of events which could then bo used for 
various purposes, such as keying. Rowlett and Friedaan then Jointly developed 

'Rowlett's novel idea of a key generator as applicable to the Signal Corps 
machine and reduced it to more practical fora in drawings. Ho model 
incor porating their ideas was built by the Signal Corps, however, because the 
ChioJTiiignal' Officer was coactitted to the type embodied in the Converter 
M-134A, pre-product ionmodels of which were then under Banuf acture , and he was 
reluctant' "to make any change in design, desp ite Friedman's urgent recommenda- 
tjons ^iaT'this~"b e done. The inventors proceeded to incorporate the results 
of their theoretical studies and their drawings , reducing the new principles 
to practice in a patent application filed in the Patent Office on 23 March 1936 
by the Chief Signal Officer on their behalf as joint inventors (Serial Ho. 
70,412). The inventors made a complete assignment of their invention to the 
Secretary of tfar on 2 April 1936 and the application was processed through the 
Patent Office, though, of course, it is held in the secret statu*. Nearly all 
of the claims (39) have been allowed in the case. 
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27. In October 1935, Friacfaan and Lieutenant Wenger (of the Code end Signal 
Section) held a general discussion on cipher machine*. Wenger expressed 
considerable dissatisfaction with the Hark I ECU and asked Friedman whether 
the Signal Corps had any "good* ideas along these lines. Friectaan indicated 
that there were several ideas which the Signal Corps was not exploiting but 
which he was not at liberty to disclose, since they had been placed in the 
secret category. F riedm an further^ indicated that.-lX ffeo&ftgjlp. desired, 
per missio n, to disclose fKm to the Navywouldb* requested. . Wenger asked 
tfiat this be done,^ Accordingly, andjsae_ granted permission 

bf~Kjg jStqoerlora to difloloae^the*i«talls. .©X, the Frfe'^nan-flowlett patent 
appl ication to representatives of the Hayy_ i^eparteeni . Therefore, on 
21 October 1935, *t a conference in Friedman's office, the details were dis- 
closed to Commander McClaran and Lieutenant Vfenger, who were shown the drawings 
that formed the basis of the patent application Serial No. 70,412. On 
31 October 1935, a second and similar disclosure was made to Cotsmander UcClaran 
Lieutenant Wenger, and Lieutenant Harper. A third disclosure was made on 
1 November 1935 to Lieutenants Wood and Dugan, also of the Code and Signal 
section. Friedman and Rowlett were told vary little as to the Navy Department's 
reaction to the disclosures;" in fact, they were told that the principles dis- 
closed were of no interest to the Navy at that time - which w&a’ihe' IrutfT'of 
the matter ~ u ~ Jr "~ " 



2fi. Uy first-hand knowledge of the Frie<fcian-Rowlett invention began in the 
winter of 193b- 37 when we were preparing initial specifications for the Mark II 
2CU. Wenger stated that Friedman had an idea for an electric control which had 
very interesting possibilities and produced from hia safe a single sheet of 
cross-eection paper containing three elementary wiring-diagrams by means of 
which slactric control of an SCM could be achieved through an mass. This 
paper was dated and signed (as I remember) by Harper, Wenger, and Wood, and by 
Friedhan and Rowlett. (We have been unable to locate this paper since 1940.) 

I iBsaediately realised that electric control gave us the answer to many of our 
unsolved problems and there fo.rejiad to b e incorporated in the new machine. I 
w as u nder orders not to discuss or sHcw^eliher the Hark llSCSTor th e H ark IT 
SCM to the Signal Corps agd^ therefore, adopted al ectri c_pcn.trol and further 
a^sloj^ t^icp idea w£th<c®t,;$he knowledge^ oX jOls^prigi^ In 

January 1940 the Mark II ECM was of fared to. the War Department for Joint Arsy- 
Navy Use and also for purely Artsy use. It was explained that the mechanical 
features were well developed and '’frosen" in design, and that we believed the 
Army would be well satisfied with the cryptographic principles involved, but 
that w# were willing to discuss any security features in order to get a machine 
that would be satisfactory to both service*, Vfe wanted the Amy to Join us on 
the first order for the machine in order to further the idea of using identical 
cryptographic system* In the two services, as had already been done with the 
Strip Cipher Device. Another reason was to share the overhead for tooling-up 
and thereby (jive us a better price. It had been previously suggested that the 
Army and Navy get together on the Signal Corps machine or the Uark I ECM. ^e 
advised that neither machine woe acceptable because of rr.»chaniaal deficiencies 
but that we were developing a new machine and as soon as we had a working 
model we would endeavor to get permission to make it available as a cocsaon 
Army-Navy machine. 
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29. On 3 February I 94 Q, Adair ai Noyes (D.N.J.) ixivited Cenaral Lauborgne 
(Chief Signal Officer), Captain Cook, hr. Friedaan, ani othor Signal Corps 
representatives to inspect a pilot sou el of the uarx II bZii. On that occasion 
I acknowledged to Sir, Prisdaaa, in Uie presoncaof General Uauoor^ne oud 
tilaijral Noyes,' our u»* of hia invention. " Later there was a special conference 
attended by 2 £r. keifcer and >ir. Zenner of the Tele typo Corporation, *jr. ^riedaan 
of tie Signal Corps, Coe asondar I afford and Lieutenant Zem of Naval Coocon- 

i cat ions, and possibly others, the blue prints were carefully oxaair.ed and 
a general discussion of cryptographic features followed, Friedaan pointed 
out that the underlying principles of the control circuit* of the Lark II LCd 
were those which ciad teen disclosed by ^owlett ana alaself to the Navy L«part~ 
aent'th 1935 4 »nd tnis was sonf T ho four experimental changes 
to the Friedaac-Kowiett circuit which hid been node 07 heller and ayaelf 
were discussed and the following decisions aiaaai 

I. "Index Maes," wnich replaced tho plugboard in the f'riedaan- 
Rowlett invention - detained. The "Index Hace" accomplished 
the earn cryptographic result as the plugboard but was nuen 
acre convenient to the operator. 

II. Grouping of ervi contacts in the "Stepping lass" and in tiw 

"Index Mass," which replaced the arrangements of the -’riscUaaa- 
Kcwlett circuit - Stained. These groupings together ^Ith the 
ten circuits thro urn the "Index lass" gave 49 time as /zany 
stepping coabinatione as was possible with the Frieunun-^wlc tt 
invention (5,855 against 120). 

III. Subdivision of "Stepping Lsao 11 into two parts - linaidocua 

decision to return to the original Friedaan-Sowlett "Stepping 
Max*." Friedaan protested the subdivision as an unnecessary 
complication . Heiber and Zenr.sr did not like it from the 
viewpoint of design aid construction. 

IV. Stepping order for the "Stepping Maze" proposed by the Navy 
wee 3 - 1 - 5 , the other two wheels being dead to simplify 
construction. The stepping order was changed to 3-4-2 upon 
Friedman's recoessendation. 

With these exceptions the U&tk II ECU, as developed by the Navy and Toletype 
using the Friedasn-Rowlett "Stepping Hass," was satisfactory to and accepted 
by tne Artsy. Washington Navy Yard sketch RVS&8F2G1, dited 24 April 1940, used 
as a basis for specifications of the production model, is the earliest-dated 
drawing showing the "Stepping Laxe" and associated circuits exactly in their 
present fom. 

30 . One other contribution, Major Leo Rosen's "Plugboard Code Aheel," cam 
in 1943 after the £CH was in service. This was developed by the Signal 
Corps for field use, where the danger of capture was greater than in the Navy. 
The "Plugboard lode it! teal" was adopted for joint Aragr-Kavy uae at the request 
of the Array, but is being distributed to all Navy holders of the hCM. Tne 
chief value of the "Plugboard Code wheel" to the Navy is ;x>ssidly psychological, 
but we do have it in case of need. 
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31. Electric control of _th* KCM by .mean* of the Friedman— Rowlett "Stopping 
Mass " - !* tho essential feature that placs# tho Mark, II ECM In a elassby ~ 
Itself m ro£^df_iocarltjr. Thosejwho have participated in tho development 
of tho Mark II ECM have iliiapi acknowledged tho contributions of tho Signal 
Corps. Tho "Index Uaso" and grouping of end contact* add to tho security 
afforded by tho "Stopping Mass, " but. would bo worthless without it. Tho 
Impor tance of electric ocsvfcrol can boat be estimated by a consideration of 
what thoTiarJTTl ECM would hare been if Friecfeaan and Rowlett had not boon 
peniittwd to disclose their invention to the Wavy. Although the "Stopping 
Ma»o r app eal's obvious, now that it is in use,' no one in tho Navy thought of 
it'Ifi a period of 15 jwara, and ho“ foreign ^chino^oKpl oya it. Therefore * 
the Wavy would have continued the dovelopa^tRif the older method* and the 
new ECM would have used the mechanical stopping control found in CSP 903 or 
CSP 1700. Wo would have had a secure maohine, superior to anything in uae 
by foreign nations, but definitely inferior to our present ECM. This 
hypothetical machine (as well as CSP 1700) would defy attempts at solution 
until such time as machine and code wheels were captured. After this, each 
day 1 > keys would resist solution for a long time. "Short-cut" solutions 
would be impossible, due to the erratic stepping of tho code wheels, but a 
trial-end-error solution would be within the rang# of possibility. *7# 
could not make the flat statement, as we do for the Mark II ECM, that 
solution would be utterly Impossible. In other words, the machine would be 
adequate to take us through World War II but, because wo had stopped short 
of the ultimate step, there would always be the desire to develop a new 
machine and scrap the old one. Rowlett ie entitled to full credit for his 
discovery of the principle of the key generator as embodied in the "Stepping 
Max*," which adds so much to the excellence of the Mark II ECM, and Friectauun 
and Rowlett jointly are entitled to full credit for their joint invention 

of methods of applying and reducing the principle to practical form. 

32. The Signal Corps’ acceptance of the Mark II ECU for Army as well as 
Joint Army-Wavy use reflects credit on all who mad* that decision. The 

joint Army-Wavy ECU Cipher System became effective on 1 August 1941, and the two 
services had a common high-sscurity cipher system in effect and in use prior 
to the attack on Pearl Harbor. This us* of an Identical machine with inter- 
changeable code wheels has been of greet military value, particularly in the 
early atagee of the war when the distribution of Machines and code wheels 
was incomplete. In the Philippines, Java, Australia, and even in North 
Africa, Navy wheels have been used in Army ECUs, Army wheels in Navy ECUs; 
machines have been borrowed back and forth between the two services ; Army 
messages have been sent in Navy ECM ciphers and Navy message* sent in Army 
SCM cipher®. 
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The Mark II ECU 



33. The directive for developing the Mark II ECU was given by the Chief of 
Naval Operations (over the signature of Admiral Taussig) on 22 November 1935 
in Serial 828 as follows: 

"It is therefore requested that any funds which can be made 
available for equipping the naval service with cipher machines be 
used for the development of a small cipher machine which will be 
more practical in small vessels." 

This directive amplified by Admiral Rowcliff (DNC) when I reported for 
duty on 6 May 1936, in substantially the following words: 

"The most important task ahead of you is to develop a small 
printing cipher machine for the fleet - something small enough to 
put aboard submarines and destroyers - something that will always 
function. Do not design a cipher machine for the Navy Department. 

Build one that will work aboard a minesweeper!" 

Development could not be commenced prior to 1 July 1937 because of non- 
availability of funds and the peace-time practice of preparing budget 
estimates two years in advance. This delay was not detrimental because the 
reports from the fleet relative to the mechanical derangements and other 
deficiencies of the Uark I ECU were of tremendous importance in the design 
and specifications for the Uark II. We realized that mechanical reliability 
and simplicity were even more important than smaller dimensions, and that 
operation from either DC or AC power would be very desirable. During this 
period of waiting, the mechanical stepping control designed for the HCU was 
further improved cryptographically, but we were unable to achieve mechanical 
reliability in time to embody it in the new ECU. 

34. The design and development of the Uark II ECU was prosecuted by the 
Teletype Corporation tinder Development Contract NOs-58864 dated 25 January 
1938 for one pilot model at $65,000 and NOs-67249 dated 21 June 1939 with 
modifications dated 9 October 1939 and 6 June 1940 for building two pilot 
models and altering one of them at a total cost of $57,000. It covered three 
years and required three pilot models, as predicted by Ur. Reiber, the chief 
design engirieer. The first specifications for the Uark II ECU were dated 

7 April 1937. At the first conference between the Teletype Corporation, 

Radio Division (BuEng), and Communication Security Group (Naval Operations), 
the following facts were brought out: 

(1) The Uark I ECU, after a year of service, was still unsatisfactory. 

(2) The Teletype Corporation had not been allowed sufficient time for 
the design and development of the Uark I ECU. 

(3) The Teletype Corporation had been unduly restricted in basic 
design of the Uark I machine as they were limited to refinements 
in a design worked out by others. 
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(U) The Navy Department had failed to inform the Teletype Corporation 
as to what was really wanted in an electric cipher machine, par- 
ticularly in the matter of size. 

(5) The Navy Department would have to supply and be responsible for 
the cryptographic features of the new machine. The company would 
gladly guarantee the electrical and mechanical features if given 
a free hand in the design. 

The specifications for the Uark II ECU, therefore, covered the general descrip- 
tion of the machine, ciphering circuits, size allowable, tape printer, and 
operational requirements . The specifications were changed several times during 
the process of development but the production models had every feature origin- 
ally desired, with two exceptions; 

1. An increase in size to be permitted, as a compromise with reality. 

Even so, the Uark II ECU is only 37% as large as the Uark I. 

II. Interchangeable AC and DC motors had to be permitted, because the 
universal motor did not stand up under test. 

35. The Teletype Corporation was given a free hand in design until it failed 
to produce mechanisms or circuits that would accomplish a desired end, or 
until Navy personnel had worked out simpler or more reliable methods than 
those proposed by the ooapany. Working models, made at the Washington Navy 
Tard, were demonstrated in every case and the new designs were not adopted 
unless approved by the Teletype Corporation. Electrical control of the 
etepping of the code wheels was adopted for reasons of reliability and 
security. The Teletype Corporation investigated the Friedman-Rowlett plan of 
using the "Alphabet Maze" to control the stepping, prepared sketches showing 
the circuits and gang switches involved, and strongly recommended that we 
accept a second Uaze to accomplish the same thing in a simpler manner. In 
fact, the Teletype Corporation thought it haul invented the "Stepping Uaze." 

The Navy then took the "Stepping Uaze" as a matter of necessity, and accepted 
an increase of three inches in the length of the machine. We tested numerous 
circuits and combinations to exploit the flexibility of electrical control 
without increased size, complexity, or number of moving parts. For example, 
we tested two, three, four, and five circuits through the "Stepping Maze" and 
determined experimentally that four circuits gavo the most random stepping 
action. The Teletype Corporation is responsible for the general layout, 
mechanical features, speed, ruggedness, and reliability of the Uark II ECU 
and is entitled to full credit for the part it played in its development. 

We must acknowledge that without Ur. Reiber’s creative genius the Uark II 
ECU would be lacking much of its excellence. The "printer," adapted by 
Teletype engineers frcaa an earlier tape printer but designed and built as 
an integral part of the machine, is possibly the most important mechanical 
feature of the Uark II ECU. 
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36. The first pilot nodal of the Mark U £01 was delivered in January, 1939, 
and tested for a period of six sooths at the Washington Navy Yard. Despite 
serious defeats, the pilot machine presented our ideas in three dimensions 
and gave us a better basis to work from* This sodal represented a departure 
in cryptographic principles from cur familiar "Hebem" circuit. It had the 
"Snigsa” (or return) circuit through the Alphabet Lass, "bucking coils” in 
the printer, double contacts (added by the Teletype Corporation) in the key- 
board, and electrical control with the Friedosan-ELowlett "Stepping base.'* 

The electrical stepping of this machine was very reliable and the most 
encouraging feature in the whole model. This model operated at 40 w.p.m., 
which was b7% better than the minimal speed required by the specifications. 
Tests with higher speed motors showed that it ins reliable at 6o w.p.m. 

(the speed of the bark I ECU) and this speed was demanded thereafter. 



37. The model enciphered and deciphered satisfactorily but made a hash of 
plain language, due (it was discovered three months later) to the transformer 
action or "inductive kick" of the double coils and the hair-trigger action of 
the printer magnets, tie had required the new ECU to print plain language 
(for Indicators and headings) as well ae to encipher and decipher. This 
feature had not been included in the Mark I ECU or in any Kebern machine 
except his 1928 model (CSF 604). Kebern handled this feature in the obvious 
way - by adding a " Plain-Cipher” gang switch with the same nucber of switch 
points as the "Encipher-Deoipher" switch. The Teletype Corporation handled 
it by adding a second set of contacts to the keyboard but these were critical 
in adjustment, gave a heavy "touch" and were somewhat unreliable in operation. 
To solve this problem, I invented a thre e w ay "Plain-Endpher-Decipher" gsnsr 
switch with no more contact points than on the two-way "Enoipher-Oeoipher" 
switch of the Mark 1 SCM. Mr. Seiler constructed a bread-board model to prove 
to ourselves (and later to Mr. Reiber) that this switch would work. The new 
switch or "Controller" could be installed in an unoccupied comer of the 
machine and would not increase its dimsnsions. This removed the last objection 
to the "Kebern" circuit. 

38. This model had several novel features which were found unde* ir able or un- 
necessary on teat, and eliminated or modified, including the following: 



"Checking or Locking Circuit" on Alphabet Mass - Eliminated. 

"Cheeking or Looking Circuit" on stepping Mass - Eliminated. 

Bull Letter Selector for replacing "space" by J,K,Q,X or Z - Unplaced 
by Seiler's "Z-X" method, installed on the Uark X ECUs in service. 



39. Numerous experiments were made on this model at the Washington Navy Yard 
to attain greater security by more erratic stepping. The present combination 
of end-wirings on the stepping circuit was worked out and tested. A Plug- 
board was added to provide for changing combinations conveniently. Seiler 
proved by a working nodal that a ten-circuit mass was more compact, more 
reliable, and more convenient than the plug-board arrangement, and that it 
would fit an unoccupied space over the printer drive gear and clutch; so the 
"Index Mass" was adopted. Seller also designed and installed "spark 
suppressors" similar to those designed by him for the Uark I SCM. The circuits 
for "zeroizing" and automatic code-wheel setting were developed and tested on 
this model. 
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ltd. The second pilot model of the Mark II £QC wee delivered In January 1940, 
and tested for a period of five months. It had the familiar "Bebern* 
ciphering olrouit (u a ad In the Mark I ECU) with the improved oontrollar, and 
•Input* and "Output* receptacles" for plugging to an axtarnal keyboard and 
an axtarnal prlntar. Ita operating speed was 60 w.p.m. and it ran perfectly 
on encipher, decipher and plain. 



41 - The first iap ro vsnsnt cads on this modal by the Hashington lavy Yard waa 
W maka It oparata on either AC or DC. Dacauaa of the triggering aotlon of 
tha magnets the machine workad equally wall with tha magnate "look ad" or 
"bussing", and it was naraly naoaaaary to provide an AC motor and ohange 
olrouit resistances to permit AC oparatlon. This was demonstrated to 
Mr. H«ibar on his naxt visit to Hashing toe- Encouraged by this. Sailor was 
diraatad to attempt battary oparatlon. Ha ascertained that tha aagnats 
would oparata reliahly an a 24-volt battary whan all raaistanoss wara out out. 
Sultahla olrouit ohangas wara aada and tha machine ran for many hours on 
flashlight battarios and also on tha 22^-volt tap of a “8" battary, tha 
currant drain being negligible. At tha saas tins, Sallar davalopad tha "fan 
gaa r* for driving tha main oparatlng shaft by hand. This fsaturs has basn 
littla uaad by ths Mavy (although quits valuabla to tha Army) but it removed 
oaa of tha phobias against tha EC M. 



42. Tha prlntar had baan redesigned by Tslatypa Corporation to aaka it more 
aaally sarrioad. Tha Washington Kavy Yard aada a furthar altaratlon to 
remove binding of tha "stop bars.* Tha baarlng surfaoa of tha roar casing 
was bo rad out largar, a ratalnar ring addad to kaap tha "stop bars" in plaaa, 
and all aovlng parta auspaodad from tha front of tha casing. So aora trouclaa 
with tha prlntar wara experienced. 

43. Yha asohlna paasad tha hast, cold sad humidity taats at Ballavua with 
flying oolora, but tha "shook and vibration" tost prorad a shook to us. 

Tha asohlna fall ad to atsp proparly during tha last and rafusad to step 
preparly thereafter. Investigation sh owed that tha fault was due to tha 
design of tha "basket", tha split separators Jamming tha U-shaped con taats. 

This eon* traction was Intended to facilitate construction and decrease costs, 
but had to be abandoned, it was considered necessary to return to the 
button-type of oontaeta (s n c a s e d In a cylindrical shall) sold ad In a single 
place separator plate found la the 1936 (Mark I) ECU and tha 1923 Ha barn Machine. 
The "vibration test* also Indicated the need for asking the stepping of the 
stepping mass as simple as poseiblm-Xo facilitate cheeking. This was easily 
dona as it merely required a fear circuit changes. In view of these 
deficiencies It was decided to hold up tha order for production machines 

until a nodal oculd pass tha vibration teat. 
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Third Pilot Model 

44. Th« third pilot model of the Mark H 3 CM ni nearing completion when 
the above-mentioned Wot took place, and all the alteration# found ntum ry 
by this test war* incorporated in this model prior to delivery. In as such 
aa tba basket had to bo redesigned, tha "Index Saae* waa increased to five 
wheel* (to faailitata construction; and tha "Stopping Mass" waa changed to a 
■ingle mass with modified oat or stepping of tha first, third, and fifth 
whaala. Thia waa la tor changed to second, third, and fourth whoala at tha 
suggestion of tha Signal Corpa. Yarioua othar changes made on tha aaaond 
deda l by tha Washington Hsvy lard wars nada on tha third nsdal by tha Teletype 
Corporation. Thia nodal waa identical with the first production nodal except 
for being hand nada. 

4?. Tha third pilot nodal waa delivered in Jana, 1940, and lanadlately 
subjected to tha vibration teat, which waa paaaad successfully. It waa 
sonnaatad by patch card to tha aaooad pilot nodal and parallel operation waa 
dem o n s trated. Tha naahina was then returned to tha Teletypa Corporation on a 
loan basis for us# as^a gnida by tha aasenbly line# and for instructing shop 
personnel in tha functioning of tha various naohanlana. 

46. By tha tins tha last pilot nodal bad bean tasted tha Battle of France 
waa nearing tha and, and tha international political situation looked very 
serious. Further teats and further delays ware unthinkable. We bad to go 
into production on the baaia of pilot nodal number three. The design aa a 
whole waa sound, but tha possibility existed that the production Job night not 
work aa well as tha head-made nodal. Arrangements were nade for eaergeney 
design ohangea and 1— sdlate replacements of unsatisfactory parts or units. 

Tha development stage was drawing to a close. 

Production Uodels 

4Y. Pour neehlnee were assembled from tool-made parts (in advance of the 
assembly Una) and "tested to destruction" by Teletype. These machines ware 
operated for 12 million to 14 million letters and then disassembled for 
Inspection and overhaul. Stainless steel proved too soft for bearing 
surfaces (as predieted by Ur. Reiber) and was replaced by hardened steal In 
all bat the first lot of 459 machines . Tha only serious wear was on tha 
printer worm wheal, which was soon replaced by a case-hardened wheel in 
connection with another alteration. The other "soft" parts a an be replaced 
by ECU repair shop# when they wear out — a few years hence . The badly-worn 
parts of these four machines were re n ew ed by Teletype and the machines were 
then issued to the service. 

48. The flat "star" spring on the printer drive clutch broke frequently 
during the destruction tests and also on the early machines in service. 
Different materials and a double spring failed to stand up, but a simple soil 
spring solved the problem perfectly. Replace me nt springs (with recessed worm 
wheels te accommodate them) were sect out for the machinee in serviae, and 
this trouble is entirely a t-Mng of the peat. Emergency re poire were some- 
tlmae made by inserting a soft fiber washer, or by wrapping a rubber band 
around the printer drive shaft. (Necessity is the mother of invention.) 
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49. The "Clutch Trip Uagnet Contact Spring* has given more trouble than all 
other parts combined. It puts the machine out of commission when it breaks 
and no aetbod of eaergenoj’ repair has boon discovered. Spare springs were 
not included in the original spare-part boxes and replacsawnt was really a 
repair-shop job. About seven different types of contact springs have been 
designed and about four issued to the service, on new machines or as re- 
placements . The latest type (on all but the first 1422 machines built) should 
last about two years. Previous attempts to eliminate this contact, by 
performing its function in soms other way, have resulted in failure, but the 
poeaibillty still remains that this is the ultimate solution. 

50. The early machines developed trouble in the wiring circuits due to the 
factory using the guide studs of the Jones Plugs for elsotrical contacts. 

This was overooew by parallelling these guide studa with unused contacts in 
the plugs. Shifting from the guide studs was undesirable because every 
machine and every printer had to be interchangeable. The alteration was made 
an the machines la service by the ECU repair shops. 

51- The Teletype Corporation used sc improved type of through contact in the 
b*uitete of all but the first 1422 machines. The old contact cracked the 
bakellte separator plat# whan removed for repairs, and the new contact was 
designed to facilitate replacement as well as to redoes production cost. 

This contact, incidentally, is of the typo used in the Anderaon-Seiler model 
of 1933. This difference in construction of the baskets is the chief remain- 
ing difference between various lots of the Uark II ECU. 

52. Autcmatlo (or semi-automatic) operation of the ECU was anticipated by 
admiral Hooper in 1922, and the "Ingereoll Board” recommended in 1923 that it 
be postponed until the cipher machine had been perfected. It had been 
considered for the Uark I BCM but was dropped. External receptacles to permit 
this eventuality were incorporated in the second and third pilot models and 
in all but 651 of the production models (CSP 88B) which omitted the recepta- 
cles as a measure of eaanomy in time end labor as well as money. Test 
equipment has shown the practicability of seml-autoetatie operation of the ECV 
with eemi-automatio teletype transmission. After the new ECU was well into 
production, a development contract was let with the Teletype Corporation for 
design and construction of one complete semi-automatic ciphering-transmitting 
system. (Us dated 14 April 1942 for $9,500.00.) Three more units were 
purchased on Contract HI dated 19 November 1942 for $14,600.00. After 
delivery the addition of page printers and means for automatically punching 
"stunt signals" in the perforated tape became apparent. These were worked 
out sad added by Lieut. Com dr . Seiler's 5CV repair shop - which, in the mean- 
time, had been transferred from the Washington Navy Yard to the Communication 
Annex of the Mary Department . A contract for two additional equipments, 
incorporating the above Harry additions , is being negotiated; estimated coat - 
$10 ,000.00, chargeable to Lend-Lease (British). 
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53. Tbs aryp t o graphic feature# of tha ESS a re oontained, secen Hally, in the 
•basket" and coda wheels. Consequently, aubeti toting now "basketo" of 
appropriate design gives a new and different machine. Three different "conversions' 1 
of tha Mark II ECU have bean Bade a a follow * 1 

Hark II ECU plua CSP 1136 (basket) became tha HCU Mark IT; 

Mark II ECU plua CSP 1600 (basket; became tha CCU; 

Mark II BCM (converted) with Cull t- in baakat became CCU (CS? 1700) . 

54. Tha alterations found nacaaaary as a result of two years' asnrloe experience 
hare bean very f aw. It la poasibla that further changes will be nede , eub- 

•ti luting a part or unit of superior design or material for tha original piaoa. 
This eventuality was given due consideration in the design and an attempt was 
aade to allow sufficient spaaa around each part or unit to permit such replace- 
ment. Our future ooooerc should be to prevent trivial changes which would 
complicate the spare-pert situation and inoraaae the difficulty of overhaul 
without oosyn sating advantage*. 

$ 5 . 



Order 

Vo. 



Total 



< >la*7 Mi chines 



2,900 



2,750 



6,750 






90m 74515 dated 
19 June 1940 



»0e 77973 dated 
21 ort. 19¥> 



Itte-1726 dated 
26 Mar. 1942 



BXe-33375 dated 
30 June 1943 




a,2oo 



3,310 



Aeqn. #79^003100-40: 
dated 11 June I960: 
on Bavy Oept. : 



Reqn. #9-003100-41 

dated 12 July 1940 

on Vsvy Oept. 



#4666 - Chicago -42 



#1266 -PHila, - 43 



#29216 - Phils. -43 

Contrast being 
negotiated 

Contract being 



These Army aaohinee 
were purchased by the 
Vary on Hsvy Contraot 
and then invoiced to 
the Her Oept. 



Any negotiated its 
own contraot 



Grand Total 



10,060 
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56. The first contract called for delivery at the rate of 50 ECMs per 
month, beginning June 1941, in accordance with an earlier agreement. 
Teletype reported inability to better this schedule so the I.B.M. 

Company was approached and tentatively offered the second contract - the 
machine to be a Chinese copy of the machine made by Teletype. Mr. Walter 
Lenmon, on behalf of I.B.M. , agreed to do this, if Teletype called our 
bluff. Teletype was then given an ultimatum - expedite delivery or share 
future contracts. Within 48 hours we received word that: 

(a) A.T.4 T. had made the Western Electric plant at Hawthorne, 
Illinois, available for manufacture of ECU parts or units. 

(b) Assembly and test would be undertaken at the Teletype Plant 
at Chicago, Illinois , on a two-shift (and if necessary a 
three-shift) basis. 

(c) Delivery would commence in January 194 1, unless unforeseen 
delay occurred, and an output of 100 machines per month could 
be guaranteed by May, 1941. 

(d) Due to increased labor costs for this new schedule , it would be 
necessary to increase the contract by 5Jf. 

Theee conditions were agreed to, the second contract was placed, and the 
Wavy felt happier. There was a slight, delay in deliveries at first but 
by December 1941 Teletype was ahead of sehedule. At the date of writing, 
the output has been increased to 300 ECU's per month: the "war effort" of 
Teletype’s Production Department has been praiseworthy. Machines have 
been prorated between Navy and Army on a percentage basis except when one 
service had urgent need of machines and the other agreed to relinquish 
some of its quota. With no difference except the nameplate, it was a 
simple matter to make the switch. 



57. Financial Investment 



Bin 


Item 


Total Cost 


Average Coet 


6,750 


Mark II EQts with 3 sets of Code 
Wheals per machine and Tender Spares 


♦10,176,000 


♦1,507.55 
per machine 


20 Sets 


Spare Parts Sits for Major ECU Repair 
Shope 


♦ 1,008,700 


♦50,435.00 


51,250 

Sets 


Spare Wheel Sets 

(10 Per set in metal box) 


yg|gg|g| 


1 68.59 

Per set 


“ — ~ 


Tools and Special Equipment for 
Repair Facilities 


♦ 82,000 


“ “ — — 




MATT TOTAL: 


♦14,782,000 




3,310 


U. S. Army ECUs with Spare Wheel Sets 
and Spare Parts (Estimated Cost) 


♦ 5,627,000 


Per Machine 
♦ 1,700.00 
(Estimated) 


10,060 


GRAND TOTAL EOts (Navy- Army) 


♦20,409,000 


(Estimated) 
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Washington D. C. 


HYd. Portsmouth 


USS Melville 


USS 


Vestal 


■Yd. New York 


NYd. Philadelphia 


OSS Dobbin 


USS 


Vulcan 


■Yd. Mare Island 


NYd. Charleston 


USS Whitney 


USS Ajax 


HYd. Puget Sound 


BOB Newport 


OSS Black Hawk 


USS 


Hector 


NYd. Pearl Harbor 


BOB Key West 


OSS Altair 


OSS 


Delta 


BOB Londonderry 


MOB San Francisco 


OSS Denebola 


OSS Rlgel 


BOB Oran 


MOB Kodiak 


OSS Dixie 


OSS 


Jason 


BOB Noumea 


HOB Iceland 


OSS Prairie 


USS 


Holland 


BOB Sydney 


BOB Argentia 


IBS Cascade 


OSS 


Beaver 


HOB Dutch Harbor 


BOB Bermuda 


OSS Piedmont 


OSS 


Fulton 




HOB Guantanamo 


OSS Sierra 


USS Sperry 




BOB San Juan 


OSS Yosemite 


USS 


Griffin 


Intermediate 


BOB Trinidad 


OSS Haaul 


USS 


Peliaa 


Facilitiee (6) 


BOB Recife 


OSS Markab 


USS 


Bushnell 




BOB Auckland 


OSS Argonne 


USS 


Howard Gilmore 


NYd. Boston 


HavSta Great Lakes 


OSS Alcor 


USS 


Nareus 


HYd. Norfolk 


RavSta Mew Orleans 


USS Maumee 


USS 


Orion 


BMO San Diego 


HavSta Code Solo 


USS Patoka 


USS 


Proteus 


RMO San Pedro 


NavSta Tutuila 


USS Medusa 


USS 


Otus 


KMO Miami 
BStO Balboa 


Subbase New London 
Subbaae Midway 
RMO San Francisco 
NAS Kansas City 
CGYd. Curtis Bay (Md.) 


USS Prometheus 


USS 


Antaeus 



These ECU repair facilities were established in compliance with Opnav Conf. 
Serial 042820 dated 22 March 1940. 

GODS WHEEL WIRING 

59. Wiring of ECU code wheels has become an undertaking of considerable 
magnitude. Navy wheels are wired at the Washington ECU Repair Shop 
although plans have been made for emergency rewiring at the other major 
ECU Repair Facilities. Army wheels are wired by WACS at Arlington Hall, 
but the Navy has wired 30,000 ECU wheels for the Army. From Dec. 7, 1941 

to May 1943 * force of 78 Navy Tard electricians were engaged in ECU wheel 

wiring, the labor estimates for fiscal 1942 being $175,000 and for fiscal 
1943 being $100,000. Navy wheels have been wired by WAVES since June 1, 1943 
the present complement being 200 and the present allowance 240. .The WAVES 
work up to their maximum wiring s peed in about three months and are doing 
a splendid job as indicated by the following data: 

High WAVE - 22 Wheels per day. 

Average WAVE - 14 Wheels per day. 

Average Navy Yard Electrician - 7 Wheels per day. 
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60 . Wired cod* wheels are tested la * ma ch i n e deeigned by Li rut. Condr. 
teller vhlck automatically tort* rad indicate*) 

I. Cor raotaaa* of wiring 
H. Q r cam d a or shorta 
U2. Break* or open airwmite . 

There has nrrrr been an ocaaaloa of incorr*et wiring and only on* occasion 
of insorr*ct narking of rod* wheels turned orrr to th# Registered Publication 
3 ration. This ir , indeed, an aorlabl* ro aor d. 

61. Distribution of th# dark U KOI ha* h**a baadlrd by th* Registered 
Publication Section and ha* not aesa nl aaad particular difficulty except at 
tb* Tory begriming. V* war* racing againat tin* to got th* Mark II 1CU 
distributed, and th* Mark I ECU superseded, before tb* United State* anterad 
th* war. Th* first 1100 KCKa war* ahipp*4 in lota of 50 to 100 direct from 
th* factory to tb* SGM Repair Shop* at Washington (D.C.), Row Tork, Mara 
Island, Bremerton, and P*arl Barbor. There, thay war* carefully lnspeoted, 
glran minor repair work averaging tea hour* par aaohlne, and distributed to 
ship* present. Th* dlraatira for distribution, given in Opnav Goaf. Serial 
045120 dated 20 March 1941, was followed without modification. Opnar Conf . 
Serial 0116120 dated 3 ■ or ember 1941 to dSCLAMT *how» the following etetua 
of distribution) 

Wo F Mark n BOM Distribution a* of 3 Wot— her 1941 

353 Atlantic Fleet, Shore Establishment, and Seat Coast 

I**«lng Of flea# . 

67 Washington Wary Yard (Just received and awaiting 

lasptetion). 

221 Pearl Barbor and Waal Coast Issuing Officer* (For 

further distribution t* Pea if la Fleet and Shore 

Tat ahllahmmt ) 

29 CTKCAF (2), Con 16 (2), and an rout* from Pearl 

Barbor to Cavite. via P38 HBWOPtSOB (25). 

670 Total Mark H ECS* rec aired to that date. 

430 Du* for future deliveries uedar existing contract*. 

1100 ORAMD TOTAL OP MATY MACHIH3. 

On this date about 130 Mark I XCU* war* distributed in the Pacific Fleet and 
tb* re m aining 57 scattered throughout th* rest of tb* Matvei Service. 
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62. The Atlantia Fleet was given first priority in distribution because, 
toco opt tor a few flags and ondstn, it did not harm the Mark I ECU. The 
Hark II SCH became generally effective in Atlantic Waters on 1 July 1941, 
although som of tbs smaller craft not engaged in ocean escort duty did not 
receive their machine until two or three months later. We had a vide margin 
of safety in this theatre of operations . 

63. Four SCMs for CTSCXT and GCH 16 mere shipped to Cavite in May 1941, and 
made effective on 1 July 1941. The tOLm aboard the HEMIXttSON mere trans- 
ferred to "Task Force One," Asiatic Fleet, and made effective by CINCAF on 
20 November 1941. We beat "too little and to© late" by 17 daya. 

64. The Pacifio Fleet mas given last priority because it already had the 
Hark I SCH, which by this time was giving reasonably good service. The first 
shipment of maahinee (37) was received at Pearl Harbor on 21 August 1941) 

100 more were eent direct from San Prsnoisco in September, October, and 
November 1941. The fo Homing directives for distribution mere sent to COM 14, 
with information copies to CDJCPAC : 

OpMav Conf . Serial 045120 of 20 March 1941 
OpNav Rest. Serial 285120 of 13 August 1941 
BuShipe Conf. Serial 483-266 of 15 September 1941 
OpNav Conf. Serial 0124620 of 17 November 1941. 

Instructions called for initial distribution to Class 4 and above, so the 
Mark 1 could be superseded at the earliest poeeible date, but distribution 
bogged dome badly. The Mark I SCU, of course, could not be superseded until 
Its distribution had been paralleled by the Mark II. A personal letter from 
the Issuing Officer, Pearl Harbor, to the Registered Publication Section, 
written about this time, complained about the apathy of the Pacific Fleet. 

The ECMe filled his vaults and bl o ck e d the shelves. Battles hipe and cruisers, 
which held the Hark I Machine, refused to dram the Mark II ECU without 
specific orders from CIMCPAC. The only ships that would take the Mark II ECU 
mere the smell ones at the bottom of the priority list. Finally, on 
28 November 1941, CIMCPAC ordered the Pacific Fleet to draw the Mark II ECU, 
and so advised the C.N.0. A subsequent check shoved the following status of 
BCM distribution at Pearl Harbori 

Wo, Local Hark II SCH Distribution as of 1 December 1941 

96 Issued by Com 14 1.0. to Pacifio Fleet and shore 

activities of the 14th District. 

100 On hand at Com 14 I.O., waiting to be drawn. 

25 In Pearl Harbor XCM Repair Shop, undergoing inspection 

and overhaul. 

221 Total sent to Com 14 prior to attack on Pearl Harbor. 

As a result of this delay the Mark II SCH could not be made effective In 
Pacific Water* until 10 January 1942, although we had hoped to do this early 
in November 1941. The attack on Pearl Harbor thus caught the Pacific Fleet 
"o hanging horses in midstream" a* regards the 30*. 
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iS, ShII •hip* without e cod* room had need of a epeolal XCU cabinet which 
would MTT* MS 

1* Operating desk for KCU 
IX. 1t « W 4 « cabinet for NON 
XIX. Sef# for othor registered publication*. 

A preliminary design mi worked out by Seiler and a working modal of tho top 
aaatioa oonetrueted at tho Washington Hiry lard. Thla woo toot to Norfolk 
Nary lard by Buflhip# and a dotailad design mi proparod. Norfolk suggested 
tho trunnion mounting of tho "scuttle," which vu much alaplar than tho 
original design. Norfolk constructed a pilot modal of boiler plat*, which 
waa designated a a "Metal Safa Lookar - Typo #4.” Tho flrot lot of oOO war* 
built at Norfolk Mary Yard under authority of BwShipa lot tar 832-9(3431) of 
2k Nay 1941. Othor* w*r* built by coaowreial concerns. Ha* Typo #8 Safe 
Lookar hold* a oomplata "CL aaa 3" allowance of cryptographic aid* and la in- 
otallod on all ahipo allowed tho SCI, soot lam baaoo, and othor ahor* atationa. 

64, Armr-Nawy Joint Poliar Concerning Diatribution and 

ft jao ^gau r o o f , Cn r^^o^o^go a i^ of lift 

It ia mutually agreed that tho SCI-M234C will not bo plaood aohoro in 
foroign torritory except at such place* whor* armed personnel of D.S. fore*# 
ar* statioood in sufficient nwbiro to properly aafaguard tho phyoieal 
ooeurity of tho maohlno. 

The Army w Nary nay mok* tho mMhlne owallohlo to tho AUIm of tho 
United State* If tho maohin* la accompanied by a Lialaon Officer and 
Communication Group. It will be the duty of the Lialaon Officer to prevent 
the viewing of the machine or it* operation or aaaoolated equipment by other 
than authorlaed personnel of U.S. armed for***. 

The 0i. Army and Navy wrtually agree that they will regard as aeeret 
Information to be divulged only to tho armed force* of tho U.S. or to any U.3 . 
oltiaon required to p oo oe o o thla informatia* in the interest* of the United 
States, any detail* concerning the SQt-t£13LC Ineluding rotor* , wiring dlagraao, 
keys, keying lnotruotioao and operating instruction* . 

If at any time either tho Army or tho Navy consider* it necessary to 
deviate in any way from thla policy, tho on* shall fully inform the other of 
tho faete and elroimmt inn a* aod tho ehoag* in policy, if any, shall bo by 
Joint agreement. 

frank f. Bullock Joooph R. Rodman 

Colonel, Signal Corp# Captain, U.S .1. 

Director Naval Cnmmiml cations. 

Tho foregoing waa promulgated as CSPM 182, still effective. 
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67. The following 0.3. patents ud patent application* pertaining to cipher 
U"Mn»t aro listed for possible value in subsequent investigations i 



Patent Ho, 


t 

i Patentee 


t 

i Bate 




1,414,496 


t 

i Beyer 


i 


i 

i "The dales are beyond question not infringed." 


1,472,775 


iWahnce 


i — 


t do. 


1,502,376 


xBases 

i 


i July 22, 
i 1924 


tWe opinion by J.A.G. (Electric cipher machine 
i which has no similarity to ECU.) 


1,510 ,441 


i Hebe ns 

i 


iSept. 30 

i 1924 


,t "Covers a reo ip roc ally wired code wheel and 
i therefore no infringement . " (One-wheel machine.) 


1,556,964 


tSoherblns 


t — 


t "The claims are beyond question not infringed." 


1,584,660 


i Scherbins 


i — 


x do. 


1,657,411 


:3oherblus 


t — 


t do. 


1,683,072 


i Hebem 

i 


iSept. 4, 

i 1928 


x "Plurality of code wheels with meter action from 
t ratchet wheels and therefore no infringement." 


1,705,641 


iKorn 

i 

x 


t 

t 


x "Claim #1 would be Infringed if it were valid 
xbmt it is clsarly readable on Hebem 1,683,072 
land is therefore invalid." 


1,733,886 


(Lorn 


i — 


i "The slain* are beyond question not Infringed." 


1,777,425 


i Bernstein 


i — 


x do. 


1,846,105 


xHagelln 


* — 


i do. 


1,861,857 


tHebern 

i 


X 


i "Cam profiles on code wheels} double printer} 
mo infringement." 


2,116,683 


i Lemmon * 

i Bolt 


i 

» 1938 


t 

i*o opinion by J.A.G. 


2,116,731 


iKoll 

i 


« 1938 

i 


xKe opinion by J.A.G. 

t 


Patent 


> 

t 


t 

t 


X 

i 


Application 


i 


t 


t 


■ ■■'■Sir 




i Date 


t Remarks 



682,096 


ifriechuui 


JJuly 25, 


i Electric Control by 




t 


* 1933 


t 


70,412 


tPriedaaa 4 


xUaroh 23 


, i Sloe trio Control by 


i Rowlstt 


i 1936 


(to Hark II ECU. ) 


206,040 


lAndsrscn 4 


*#*y 4, 


X 


i Seiler 


» 1938 


i Mark I 2CM. 


232,995 


j Hebem 


x — 


l Details not known. 


(7 appli- 


: Teletype 4 


i 


i 


cations In 
preparation) 


xEavy Dept. 

t 

i 


X 

1 

1 


I Mark U SOI. 

J 



perforated tape 
auxiliary mass. 



(Applicable 



Tbs CQC possibly infringes on Hebem 1,861,857. The Mark II ECU does not 
infringe on any U.3. patents, but is based in part on Friattean 4 Rowlett 
Application #70,412. 
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6a. The following "opinions'* are quo tod from J.A.O. Confidential letter 
C-s67/68(B-25-wg) dated 30 Septenber 1932« 

"(a) That coaw of the patents — (listed abore in par. 42) — sorer 
basically the utilisation of a rotating drum to change the 
olrcuits in a coding end decoding jaachine, but all merely carer 
the Mens whereby stall dnm» ere utilise . 

•(b) That the Bureau of Engineering (Ander*on-S eilar ) design does 
not infringe any of the patents — (listed shore). 

"(a) — - That the (Andersen-Sellar) design — appears to dlsoloss 
patentabls norelty . 

"(d) That the Bureau of Engineering would incur no liability under 
any of the patents — (listed abore) by building and using the 
(Anderson-Seiler) design — . " 



49. This discussion of self -destructive features for the K3I is aade a natter 
of record in oase this question should arise again. Because of critic Isas of 
the Hark I Machine by the foreee afloat, we aade exteneire use of stalnleee 
steel ln the Bark II and did everything practicable to Make the Machine durable, 
indestructible, and unaffected by deep, salt atMoephere. One I aval officer 
rseosMadsd that the code wheels be Made of sodium, or som ether Material 
soluble in salt water, and that demolition charges be installed inside the 
Machine itself . We were unable to ooxrrince hie that the foreee afloat would not 
tolerate the explosive chargee or soluble code wheels. He was so Insistent that 
the natter was finally referred to the D.W.O. for decision, and we were upheld. 
Recent tests by Army engineers of the 40-lb. M-l thermite bomb designed for 
anerrgsnoy destruction of tbs ECS showed that in 97 seconds it will burn the 
insulation and bakslitc and Mlt the wiring of tbs ciphering unit plus two sots 
of cods wheels but will lsavw the printer and base relatively intact. 



Conclusion 

TO. The Nary has been casnitted to the Hootris Cipher Machine since 1923. The 
eig ht een y ear delay, in getting the actual Machine, was due to difficulties in 
developing a- machine that was mechanically reliable, rapid, and oompeot. The 
1923 Hebern Machine with contemplated "Mary modifications" wan as good crypto- 
graphically as any 1943 cipher Machine In use by foreign oountriee . Every D.W.C. 
has supported the development and ultimate adoption of the ECU. Admiral Hooper, 
for example, recommended the adoption of tbe Hebern Machine in 1922 and fur ther 
recommended ooupling it to the Teletype. The late AdMdral Ridley U clean stated 
in 1925 that he hoped the Hebern Machine could be completed while he was still 
D.W.C. so he could leave it behind him as a milestone. The Mark II ECM was 
developed in conformance with a directive from the Chief of Her el Operations - 
to ov er o o ms the deficiencies of the Mark I. I had cognisant!* of the Else trio 
Cipher Machine during 1924-25, 1929-3 2, and 1936-41. I eonmdmed all the idee* 
submitted for the Mark II SCM, made tbe decision* as to which ones should be 
adopted, and bore the responsibility for the success or failure. of the machine. 

I write from personal experience as well as from the records. 



L. f. 3 afford, 
Captain, U.S.N, 



Respectfully, 



